
WAITE AGRICULTURAL RESEARCH INSTITUTE 

TELEPHONE 
79 1691 

D e par tme n t  of 
Agricultural  Chemistry 

PRIVATE BAG No. 1. 
ADELAIDE. 

SOUTH AUSTRALIA. 

29th November 1961 

Professor Arthur Kornberg, 
Department of Biochemistry, 
School of Medicine, 
Stanford University , 
Palo A l t o ,  
California. 

Dear Arthur, 

Thank you f o r  your l e t t e r  of 16th November. 
t o  hear t ha t  the materials had reached you safely. 

I was pleased 

Thank you f o r  sending me the preprint  o f  Mahler's paper. It 
H i s  r e su l t s  are  

The f igures  

i s  in te res t ing  t o  know tha t  he has progressed s o  f a r .  
not ser iously i n  conf l ic t  with o u r  own, but I wish t h a t  he would a t  
l e a s t  do us the honour of  quoting o u r  r e su l t s  correct ly  ! 
given i n  Table 1 for our  bulk yeast  DNA are incorrect;  
i n  the correct values on h i s  paper, which I am returning t o  you 
(Montague & Morton, Nature 187, 91 6 (I 960)). One of o u r  preparations 
o f  yeast  DNA showed good agreement with the r e su l t s  of Vischer, e t  a l .  
(J. biol .  Chem. 177, 429 (1949)) viz.  

I have pencilled 

-- 
- - - -  

G A + G  A + C  
G + C  T C C + T  G + T  

- -- T A + T  A - -  A G C 

Montague & 
Morton 32.2 17.4 16.6 33.8 1.94 0.95 1.05 0.99 0.95 

Vischer e t  a l .  31.7 18.3 17.4 32.6 1.80 0.97 1.05 1.00 0.97 -- 

The f i r s t  point requiring comment concerns the base r a t i o  of  
bulk yeast DNA. 
and I used t o  prepare the bulk yeast  DNA: 

Now tha t  preparation was - norkchromatographed. 
none of t ha t  material  remaining, s o  I used a f r ac t ion  f r o m  the same yeast, 
and passed it through 'Ecteola ' ,  t o  remove t races  of RNA and some 
oligonucleotides present i n  it. Thus the sample which you analysed was 
not d i r ec t ly  comparable t o  tha t  which Dan Montague and I used. 

You have the d e t a i l s  of the procedure which Dan Montague 
t h i s  gave A + T = 1.~4.  

G + C  
4 

Unfortunately, we had 

Your 
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figure of A + T 
G + C  

= 1-65 therefore r ea l ly  i s  applicable t o  a major 

f r ac t ion  of  yeast  DNA. 

Mahler's f igures ( Y L E )  a l so  r e fe r  t o  a f rac t ion  taken out 
f rom bulk yeast  DNA. I have not claimed, nor do I believe, t h a t  
butanol-lactate treatment ex t rac ts  a l l  yeast  DNA. Mahler's f igures  f o r  

-- - - 1.36 and 1.46 t h i s  ex t rac t  (YLE I & 11) o f  A + T 
G + C  

demonstrating t h a t  the DNA associated with cytochrome i s  d i f fe ren t  
f r o m  the bulk material  - a conclusion which we had reached i n  1957. 
We s h a l l  work up bulk DNA from o u r  -- dried yeast  again and I s h a l l  l e t  
you have some. Your  f igure of 2.48 f o r  bulk yeast  DNA suggests tha t  
yeast  i s  a good material  f o r  study of  DNA. 

only are  useful  i n  

Now, dealing with the cytochrome &-DNA: 

( a )  Discrepancy i n  Reaction with Polymerase 

The polymerase appeared t o  work well  with the DNA bound t o  
the enzyme. 
&-bound DNA. 
DNA i s  an effect ive template f o r  your enzyme. If t h i s  i s  s o ,  l o s s  of 
effectiveness must represent denaturation ( of  some kind). 

We a lso  know tha t  pancreatic DN-ase ac ts  with the cytochrome 
We must therefore assume t h a t  the native cytochrome 2- 

The question thus a r i s e s  as  t o  the difference between the 
f i rs t  and second batches of  cytochrome b - D N A  sen t  t o  you. 
r e c a l l  tha t  Montague and I found t h a t  about 85% of the material  applied 
t o  'Ecteola' eluted between 0.5 and 0.7 M NaC1: the remaining material  
was obviously highly-polymerised, contaminant bulk DNA. We therefore 
prefer  t o  purify the DNA by passage through 'Ecteola ' .  Hence Prep. I 
which you received, and which reacted s o  well with your enzyme, was a 
chromat ographed preparation i n  NaCl. 

You w i l l  

Prep. 11, however, was prepared as  you had suggested when I 
was i n  Palo A l t o .  A s  I mentioned i n  my l e t t e r ,  I had not attempted 
t o  remove contaminant DNA. Prep. I1 was obtained by ( a )  s p l i t t i n g  the 
DNA from cytochrome & with ammonium sulphate, (b)  dialysing against 
phosphate buffer,  and then ( c )  dialysing against  sodium c i t r a t e  buffer. 
I had thought t ha t  you would chromatograph it on DU-ce l lu lose  ( o r  on 
'Ecteola ' )  s o  t h a t  the t race  of cytochrome b, and contaminant bulk DNA 
would be removed. I am s o r r y  tha t  there has been misunderstanding on 
t h i s  point; we already knew tha t  the Prep. I1 was not homogeneous. 
(It i s  possible tha t  my hand-written l e t t e r  did not reach you). 

It seems t o  me tha t  there may be two explanations of the 
f a i l u r e  o f  Prep. 11 t o  a c t  as an e f fec t ive  template. (I). Prep. 11 
i s  more "denatured", viz. unlike the DNA on the cytochrome &, 
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(2). 
with small DNA molecules. 
as an inh ib i tor  ? 

The contaminant bulk DNA ac t s  as  an inh ib i tor  o f  the reaction 
I wonder whether you have t r i e d  bulk DNA 

(b )  Discrepancy i n  End-Group Analysis 

I was not prepared t o  t r u s t  phosphate analyses f o r  o u r  study, 
as  I knew t h a t  a trace o f  d ies terase a c t i v i t y  could invalidate our  
resu l t s .  
We therefore depended on the base analyses. However, I do recognise 
tha t  the e r ro r  i n  the base analysis could be f a i r l y  large. However, 
we are f a i r l y  cer ta in  about the haem analyses, and the phosphate and 
base analyses f o r  the whole enzyme. These indicate I 7  phosphate groups per 
haem (Mahler's analyses corfirm t h i s ) .  
associated with FJKN. 

I did not then know of the E. - -  c o l i  alkaline phosphatase. 

One of  these phosphates i s  

Now, ( a )  the DNA sediments i n  a centrifugal f i e l d  along with 
the b m ;  
per haem i s  f a i r l y  constant. The molecular weight f r o m  sedimentation 
and diffusion i s  l72,OOO, indicating t w o  haem groups per molecule, and 
hence 32-34 phosphate groups per molecule of enzyme. I have therefore 
believed t h a t  t h i s  i s  the maximum s ize  o f  the DNA. If it i s  single- 
stranded, then the molecular weight should be about 12-15,OOO. 

(b)  a f t e r  three recrys ta l l i sa t ions ,  the proportion of  DNA 

I can only suggest, therefore, t ha t  the small amount o f  
contaminant bulk DNA may be responsible f o r  f inding a chain length of 
100 residues. 

( c )  Discrepancy i n  Base Analyses 

I would m o s t  ce r ta in ly  accept your base analyses f o r  cytochrome 3. 
I believe tha t  the e r ro r  i n  the hydrolysis and chromatography of bases 
i s  f a i r l y  high. We r a r e l y  get be t t e r  than 94-96% recovery of  bases. 
Mahler's f igures  A + T of 2.12 and 2.29 are  chiefly due t o  a higher 

G + C  
cytosine value than we had obtained. 
C y r i l  Appleby and I obtained f o r  whole enzyme i s  almost cer ta in ly  i n  
e r ror  due t o  the d i f f i c u l t i e s  a r i s ing  from the large amount of protein 
present. It i s  apparent, however, t h a t  any contamination with bulk 
DNA would tend t o  lower, r a the r  than ra i se ,  the A + T r a t io .  

The base r a t i o  of 2.6 which 

G + C  

Mahler's paper looks  f a i r l y  convincing t o  me, but you are 
much b e t t e r  able than I am t o  judge whether the material  could s t i l l  
be double-stranded. 
good evidence i n  favour of single-strandedness. 

The a t tack  by Bob Lehman's enzyme appears t o  be 

I now f e e l  t ha t  we must repeat the phosphate end-group study 
on in t ac t  cytochrome 3, i .e.  on the material  which i s  s o  effective as  
a template f o r  your enzyme. I am s t i l l  waiting for Worthington t o  send 
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me the bac te r i a l  a lkal ine phosphatase which we have ordered. 
send me some spleen diesterase when you make your next preparation. 
f e e l  t ha t  it would be a good idea t o  do the analyses i n  both laboratories.  

Could you 
I 

I am a l so  attempting a fu r the r  select ive purif icat ion of the 
cytochrome L2-DNA. 
cytochrome 2 which i s  f r e e  of  DNA. 
t o  re-combine with cytochrome b -DNA purified by chromatography. 
Recombination i s  indicated by a spec i f ic  c rys ta l  form.  Thus I can use 

We now have adequate amounts o f  crystal l ine type II- 
I a m  allowing t h i s  DNA-free enzyme 

-2 
the cytochrome b2 t o  s e l ec t  out the specif ic  DNA. 
t o  get  r i d  of  any contamination. 

This may enable us 
I s h a l l  l e t  you know of  progress. 

Could you send us some o f  Bob Lehmann's enzyme with the spleen 
Again, I think tha t  it would be desirable t o  confirm Mahler's enzyme. 

r e su l t s  on t h i s  point. 


